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Abstract 
 
Indeed, the urban road system is vital to inhabitants’ lives and work. Thus, whether the road 
performance is excellent is one of the criteria for the evaluation of a city. In this project, the FWD 
equipment is utilized to detect the flooded roads as well as analyze the changes in the structural 
performance of road after the flooding. Furthermore, the moisture content of the sampling test is 
carried out on the detected road. The impacts of the flood on the structural strength of the overall road 
and those of different layers on the road can be more clearly understood through the analysis on the 
data of the two types of tests. Meanwhile, the positive impact of maintenance on road strength is also 
demonstrated more clearly. These conclusions play an essential role in optimizing the maintenance 
method for the roads suffering from flood.  
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1.Introduction	
1.1 Background	
	
There	 is	 no	 doubt	 that	 road	 traffic	 system	 is	 of	 great	 significance	 to	 the	 operation	 of	 the	
whole	city.	Every	aspect	of	the	 life	of	urban	residents	depends	on	reliable	and	secure	road	
traffic	system.	Any	problem	of	the	road	traffic	system	will	seriously	affect	the	daily	 life	and	
travel	of	residents,	and	threaten	the	lives	and	property	security	of	residents.	In	this	case,	it	is	
clear	that	a	poor	road	traffic	system	has	a	negative	impact	on	production	and	work	activities.	
Over	time,	the	development	of	the	urban	economy	and	infrastructure	has	slowed	down.	The	
affected	areas	suffer	considerable	economic	loss.	According	to	the	report	of	BBC	News,	the	
natural	disaster	has	caused	$	700	million	economic	losses	all	over	the	world	from	1900,	and	
floods	accounted	for	40%	of	them	(Amos.J,2016).	For	these	reasons,	maintaining	a	good	road	
traffic	system	is	vital	to	the	overall	development	of	the	city	and	the	comfort	and	convenience	
of	the	residents'	lives.	
	
The	performance	of	the	road	is	one	of	the	factors	used	to	evaluate	the	level	of	road	traffic	
system.	It	has	the	advantage	of	intuitive	and	clear	response	to	the	current	state	of	the	road.	
Moreover,	according	to	the	current	road	conditions,	engineers	can	predict	the	life	of	the	road	
and	avoid	the	risk	of	possible	danger.	
	
Road	performance	is	affected	by	many	different	factors.	These	factors	can	be	broadly	divided	
into	 three	 aspects,	 namely,	 weather	 condition,	 ground	 condition	 and	 traffic	 load.	 Among	
them,	 weather	 condition	 is	 the	most	 important	 factor.	 Since	 the	 designed	 life	 of	 roads	 is	
usually	between	20	and	100	years,	and	it	is	difficult	to	predict	to	such	long	span	of	weather	
condition	under	normal	 circumstances.	 In	particular,	 the	 current	extreme	weather,	 such	as	
heavy	 rain,	 hail,	 drought	 and	 floods	 is	 becoming	more	 frequent.	 Besides,	 high-intensity	 of	
rain	erosion	and	hail	impact	in	a	short	period	of	time	can	cause	a	fatal	blow	on	the	strength	
of	the	road	structure.	In	addition,	prolonged	droughts	and	flooding	can	result	in	cracks	and	
collapse	in	the	road.	For	example,	Byron	Bay	will	spend	five	millions	on	repairing	roads	due	
to	 the	 recent	extreme	weather	 (Byron	Shire	Council,	2017).	Secondly,	ground	condition,	as	
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the	basic	conditions	for	road	performance,	relates	to	the	stability	and	safety	of	the	subgrade.	
The	 third	point,	 traffic	 load	 is	a	vital	 factor	 for	pavement	performance	because	 it	will	bear	
the	load	for	a	long	time	and	affect	the	life	and	the	condition	of	the	roads	with	the	passage	of	
time.	
	
The	 high-quality	 inspection	 and	 maintenance	 of	 the	 Brisbane	 road	 system	 is	 one	 of	 the	
Brisbane	 City	 Council’s	 responsibilities.	 The	 Brisbane	 City	 Council	 regularly	 inspects	 and	
maintains	 the	urban	 roads	 to	determine	whether	 the	 structure	and	strength	can	meet	 the	
related	requirements	and	needs.	The	data	which	have	been	collected	for	many	years	play	a	
guiding	role	in	studying	road	performance.	This	project	can	apply	the	data	in	further	research	
and	 analysis	 due	 to	 the	 great	 support	 of	 the	 Brisbane	 City	 Council.	 This	 project	 aims	 to	
deepen	the	understanding	of	the	evolution	of	road	performance	as	well	as	the	optimization	
of	road	maintenance	through	the	analysis	and	research	of	these	data.	Particularly	after	the	
flood,	the	parts	of	the	road	that	have	been	most	severely	affected	can	be	restored	through	
maintenance.	There	are	 some	 issues	 remained,	 like	 to	what	extent	 the	 road	 is	affected.	 In	
fact,	the	answers,	to	certain	degree,	can	be	provided	through	the	study.	
	
1.2	Objective	
	
The	aim	of	 this	project	 is	 to	analyze	the	FWD	test	data	 for	 flooded	sections.	The	FWD	test	
was	carried	out	after	flooding	and	repairing.	The	test	data	was	provided	by	the	Brisbane	City	
Council.	Since	the	detected	road	 is	partially	submerged	 in	the	flood	while	the	rest	not,	 the	
effect	of	flooding	and	maintenance	on	road	performance	can	be	clearly	investigated	through	
this	good	control	group.	
	
The	 purpose	 of	 this	 project	 is	 to	 obtain	 a	 rational	 and	 scientific	 assessment	 of	 pavement	
performance.	Such	an	accurate	and	objective	assessment	is	very	important	because	it	is	not	
only	a	reference	to	road	maintenance	but	also	is	the	key	to	road	maintenance	work.	In	the	
road	 maintenance	 project,	 targeted	 maintenance	 measures	 are	 taken	 according	 to	 the	
results	of	road	performance	analyses.	This	maintenance	can	not	only	rationally	allocate	funds,	
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but	also	maximize	the	use	of	road	resources.	
	
In	 short,	 it	 is	 important	 to	 analyze	 the	 impact	 of	 flooding	 and	 maintenance	 on	 road	
performance.	Good	road	performance	is	related	to	residents'	travel	safety	and	convenience.	
In	addition,	the	maintenance	of	road	maintenance	is	also	the	focus	of	public	attention.	
	
2.	 Literature	Review	
	
Over	 the	 past	 few	 decades,	many	 countries	 have	 come	 to	 realize	 the	 importance	 of	 road	
performance	 analysis.	 However,	 the	 American	 Association	 of	 State	 Highway	 and	
Transportation	Officials	 (AASHTO)	was	 the	 first	 one	 that	 proposed	 pavement	 performance	
concept	in	1962.	They	conducted	a	well-known	AASHTO	test	on	road	from	1956	to	1960	to	
study	 the	 impact	 of	 real	 load	 on	 road	 surface	 performance.	 Besides,	 they	 put	 forward	
AASHTO	pavement	design	guide	according	to	the	test	results.	It	is	by	far	the	largest	and	most	
successful	 controlled	 trial	 of	 civil	 engineering,	 and	 its	 research	 results	 are	 still	 extensively	
used	all	over	 the	world	 (Transportation	Research	Board,	2007).	The	test	of	AASHTO	can	be	
seen	 as	 the	 beginning	 of	 the	 study	 of	 road	 performance.	 Since	 then,	 more	 and	 more	
researchers	and	experts	focus	on	the	problem	to	 improve	the	 level	of	the	road	and	extend	
the	service	life.	
	
A	technical	committee	composed	of	experts	from	a	number	of	countries	published	a	report	
entitled	"Surface	Characteristics"	at	the	18th	World	Road	Congress	 in	1987	after	discussing	
the	 results.	 The	 report	 pointed	 out	 that	 the	 government	 and	 the	 public	 began	 to	 pay	
attention	 to	 the	 issues	 of	 road	 regeneration	 and	 resurfacing,	 and	 there	 was	 increasing	
demand	 for	 roads	 as	 traffic	 continued	 to	 rise	 (Technical	 Committee,	 1987).	 In	 this	 report,	
more	systematic	pavement	performance	factor	and	maintenance	method	are	proposed.	This	
is	a	qualitative	leap	for	pavement	performance	research.	
	
At	present,	in	order	to	meet	the	economic	development	and	residents’	demands,	more	and	
more	 countries	 have	 begun	 to	 carry	 out	 long-term	 road	 performance	 researches.	 Among	
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them,	the	study	with	high	influence	is	the	road	performance	simulation	model	of	Cambridge	
University	and	the	OPAC	model	of	 the	University	of	Waterloo	 in	Canada.	Australia	has	also	
made	outstanding	achievements	in	terms	of	road	performance	testing,	which	produced	ALF	
(Accelerated	Loading	Facility).	ALF	has	the	advantage	of	simulating	traffic	 loads	reliably	and	
performing	 fast	 loading	experiments	on	pavements	 (Li,Y.Q.,	&	Meng,	S.T.,	1992).	Obviously,	
ALF	 is	very	useful	 for	 road	performance	testing.	Over	 the	past	25	years,	 the	Australian	ALF	
has	been	used	for	more	than	3200	times	in	over	250	experiments	(Australian	Road	Research	
Board,	2017).	
	
In	 the	 early	 traffic	 conditions,	 people's	 requirements	 on	 the	 road	 are	 limited	 to	 no	major	
damage	 caused	 by	 traffic	 disruption,	 so	 the	 road	 design	 is	 only	 from	 the	 structural	
requirements.	 With	 the	 development	 of	 modern	 high-speed	 traffic,	 people	 on	 the	 road	
function	and	service	quality	put	forward	higher	requirements,	so	the	pavement	performance	
content	has	been	further	enriched.	
	
At	present,	the	road	surface	performance	is	usually	understood	that	the	road	to	protect	the	
normal	 operation	of	 passenger	 and	 freight	 vehicles	 should	 have	 the	 ability	 and	 attributes.	
The	 function	 of	 high-grade	 highway	 pavement	 under	modern	 traffic	 conditions	 should	 be	
reflected	 in	 ensuring	 that	 the	 transport	 vehicle	 is	 traveling	 at	high	 speed,	 safety,	 economy	
and	comfort	within	the	design	speed.	According	to	the	idea	of	functional	theory,	pavement	
performance	can	be	divided	into	structural	performance	and	functional	performance.	
	
The	 road	structure	 is	mainly	discussed	 in	 this	project.	Structural	performance	 refers	 to	 the	
overall	 bearing	 capacity	 of	 pavement,	 as	 an	 engineering	 structure.	 The	 general	 concern	
about	the	structural	performance	includes	the	strength,	stability	and	durability	of	pavement.	
The	 performance	 of	 the	 pavement	 structure	 is	 generally	 evaluated	 from	 the	 aspects	 of	
carrying	capacity	and	damage	of	pavement.	 	
	
The	study	of	road	performance	in	this	project	is	based	on	the	data	provided	by	the	Brisbane	
City	 Council.	 The	 data	 were	 immediately	 tested	 after	 the	 sweep	 of	 Queensland	 floods	 in	
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2010-2011.	The	Brisbane	City	Council	conducts	 regular	 inspections	of	 the	same	sections	of	
the	road	in	the	following	years	to	collect	data.	 	
	
In	 this	 disaster,	 a	 series	 of	 floods	 hit	 Australia's	Queensland	 since	December	 2010.	 Floods	
forced	thousands	of	people	to	leave	home;	at	 least	90	towns	and	more	than	200	thousand	
people	were	affected.	The	disaster	caused	as	high	as	$	2.38	billion	of	direct	economic	losses.	
Australia's	GDP	decreased	about	40	billion	Australian	dollars	(Wikipedia,	2017).	
	
Brisbane	City	has	been	greatly	affected	by	floods	because	it	is	located	at	the	downstream	of	
the	Brisbane	River.	 In	 addition,	 the	 rainfall	 of	 Brisbane	 in	most	parts	was	600~1000mm	 in	
December	2010	and	January	2011	(Bureau	of	Meteorology,	2011).	Brisbane	River	Basin	River	
flooding	was	under	the	 influence	of	 the	 intense	rainfall.	Figure	1	clearly	shows	the	 level	of	
the	flood	and	its	impact	on	Brisbane	City.	It	can	be	found	that	the	flood	reached	its	highest	
value	on	13	January	2011.	Masuda,	S.	Gary,	C.	Sanaul,	C	&	Tim,	M	(2016)	mentioned	that	the	
Brisbane	City	Council	 spent	A$	127	million	 in	 repairing	 the	 road	 infrastructure,	 including	a	
re-laying	of	145,659	square	meters	of	pavement	two	years	after	the	flood.	
	
The	project	selected	the	research	data	according	to	the	above	literature	information.	In	order	
to	make	a	better	comparison,	the	project	selected	the	test	data	from	the	same	section	of	the	
road	 respectively	 after	 the	 flood	 and	 after	 the	 road	 repair	 so	 as	 to	 have	 a	 clearer	
understanding	 of	 flood	 damage	 to	 the	 structural	 performance	 of	 the	 road,	 and	 intuitively	
obtain	the	degree	of	recovery	of	road	after	the	road	repair.	
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Figure	2	Flood	Level	Classifications	and	Flood	Impact	on	Brisbane	(Bureau	of	Meteorology,	2011)	
	
3.	Detection	Method	
3.1.	Introduction	to	FWD	
 	
This	 project	 chooses	 the	 FWD	 (Falling	 Weight	 Deflectometer)	 test	 data	 to	 analyze	 the	
structural	performance	changes	of	the	road.	It,	as	a	test	equipment	is	used	to	evaluate	the	
physical	 properties	 of	 the	 pavement.	 FWD	 is	 usually	 composed	 of	 trailers	 (including	 test	
equipment)	and	control	systems	(including	data	collection).	Relatively	to	other	pavement	test	
equipment,	 it	has	very	noticeable	advantages	as	 it	can	effectively	stimulate	the	traffic	 load	
and	 obtain	 the	 high-precision	 of	 data.	 Besides,	 FWD	 is	 easy	 to	 use	 and	 conduct	 fast	 test	
without	 causing	 damage	 to	 the	 detected	 road	 surface	 in	 operation.	 Texas	 department	 of	
transportation	(2008)	points	out	that	it	takes	no	more	than	2mins	to	complete	a	typical	FWD	
test.	Therefore,	FWD	has	been	widely	used	for	road	maintenance	in	the	international	arena.	
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And	the	general	layout	of	the	FWD	is	shown	in	Figure	2.	
	
Figure	3	Falling	Weight	Deflectometer	Assembly	(Transit	New	Zealand	Report,	1998)	
	
The	actual	photos	of	FWD	are	presented	in	Figure	3	and	Figure	4.	In	fact,	these	pictures	were	
photographed	for	better	display	and	understanding	while	I	was	involved	in	the	FWD	work	
site.	
	
Figure	3	FWD	testing	work	in	progress	
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Figure	4	Test	equipment	of	FWD	
	
3.2	Working	Principle	of	FWD	
	
Under	 computer	 control,	 FWD	 lifts	 a	 certain	weight	 of	 hammer	 to	 a	 certain	 height	 by	 the	
hydraulic	drive	and	then	falls	freely.	Subsequently,	it	produces	the	impact	force	on	the	load	
plate	and	passes	the	impact	force	to	the	road.	Therefore,	the	impact	force	applies	impulsive	
load	on	the	road	surface	and	results	 in	instantaneous	deformation	of	the	road	surface.	The	
sensor	 is	 located	at	the	site	with	different	distance	from	the	measuring	point	to	detect	the	
deformation	of	the	surface	of	the	structural	layer.	The	recording	system	transmits	the	signal	
to	the	computer,	that	is,	the	dynamic	deflection	and	the	deflection	bowl	produced	under	the	
dynamic	load.	The	test	data	can	be	used	to	evaluate	the	modulus	of	the	pavement	structure	
to	 scientifically	 evaluate	 the	 carrying	 capacity	 of	 the	 pavement.	 Figure	 5	 indicates	 the	
location	 of	 the	 sensor	 and	 the	 location	 of	 these	 sensors	 can	 be	 adjusted	 according	 to	
different	road	conditions	and	test	needs.	
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Figure	5	The	sensors	on	the	FWD	
	
The	sensor	collects	the	instantaneous	deformation	of	the	road	and	then	returns	the	signal	to	
the	 computer.	 The	 computer	 system	processes	 these	 signals	 and	 then	directly	outputs	 the	
deflection	values	at	each	sensor.	The	deflection	is	usually	numbered	from	 0D 	 according	to	
the	distance	from	the	center.	Figure	6	indicates	the	specific	location	of	the	deflection	of	the	
FWD	detection.	Clearly,	the	deflection	at	the	center	indicates	the	overall	performance	of	the	
pavement.	 Similarly,	 the	 difference	 between	 the	 deflections	 at	 different	 locations	 can	
represent	the	performances	of	the	pavement	layers,	such	as	bounds,	unbound,	and	subgrade.	
Through	 these	 deflection	 values,	 the	 deflection	 bowl	 curve	 can	 be	 drawn	 to	 show	 the	
changes	 in	 performance	 of	 the	 detected	 road.	 The	 analysis	 and	 processing	 of	 these	
deflection	data	can	be	intuitive	as	well	as	provide	a	clear	understanding	of	the	strength	and	
performance	of	the	road.	
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Figure	6	 	 The	deflection	values	of	the	road	structure	(	FWD	schematic,	n.d.)	
	
3.3	Data	Collection	
	
The	detection	of	different	pavement	structures	 requires	 the	sensor	 to	be	set	 in	a	different	
location	while	FWD	is	used.	For	 instance,	 if	a	roadbed	or	 flexible	base	asphalt	pavement	 is	
detected,	 the	 sensor	 will	 be	 distributed	 within	 2.5m	 from	 the	 load	 center.	 Hence,	 FWD	
conducts	 the	 automatic	measurement	under	 the	 control	 of	 the	 computer.	And	all	 the	 test	
data	can	be	displayed	on	the	screen,	printed	or	stored	in	the	computer.	
	
4.	Data	Analysis	Method	
	
FWD	 test	 report	 can	 provide	 a	 lot	 of	 useful	 basic	 data,	 which	 can	 reflect	 the	 structural	
characteristics	of	the	road	to	a	certain	extent.	Some	of	the	data	are	directly	reflected	in	the	
report,	and	they	can	indicate	the	overall	structural	strength	and	characteristics	of	the	road.	
These	data	which	 are	 directly	 given	 include	 the	deflection	 value	 at	 each	 sensor,	 curvature	
and	ratio	and	subgrade	response.	
	
In	 addition,	 the	 key	 to	 FWD	 test	 data	 is	 the	 analysis	 of	 the	 deflection	 bowl.	 The	 curve	 of	
deflection	bowl	is	the	curve	that	connects	the	deflection	values	measured	by	the	sensors	at	
Faculty	of	Engineering,	Architecture	and	Information	Technology	 11	
different	 locations	 of	 FWD.	 The	 curve	 of	 deflection	 bowl	 contains	 a	 wealth	 of	 pavement	
structure	 information.	 The	 pavement	 information	 of	 different	 structural	 layers	 can	 be	
obtained	through	the	back-calculation	of	the	deflection	values	at	different	positions.	Table	1	
is	the	summary	of	various	deflection	bowl	parameters	and	their	formulas.	
	
Table	1	Deflection	Bowl	Parameters	and	Their	Formulas	(Horak	et	al,	1989)	
Parameter	 Formula	 	 Structural	indicator	
1	.Maximum	deflection	 	
0D 	 as	measured	 	 	 0D gives	an	indication	of	all	
structural	layers	with	about	
70%	contribution	by	the	
subgrade	
2.	Radius	of	Curvature	(RoC)	
)/1(2
)(oC
20000
2
DDD
LR
-
= 	
Where	 L=127mm	 in	 the	
Dehlen	 curvature	 meter	 and	
200mm	for	the	FWD	
Gives	an	indication	of	
the	structural	condition	
of	the	surfacing	and	
base	condition	
3.Base	Layer	Index	(BLI)	
3000 DDBLI -= 	
Gives	an	indication	of	
primarily	the	base	layer	
structural	condition	
4.Middle	Layer	Index	(MLI)	
600300 DDMLI -= 	
Gives	an	indication	of	
the	 	 subbase	 	 and	
probably	selected	layer	
structural	condition	
5.	Lower	Layer	Index	(LLI)	
900600 DDLLI -= 	
Gives	an	indication	of	
the	 	 lower	 	 structural	
layers	like	the	selected	
and	 	 the	 	 subgrade	
layers	
6.Spreadability,	S	 	 	
0
3210
/}100]5/
){[(
D
DDDDS +++=
	
Where	 1D , 2D , 3D 	 spaced	
at	300mm	
Supposed	to	reflect	the	
structural	response	of	
the	whole	pavement	
structure,	but	with	weak	
correlations	
7.	Area,	A	
]/)/(
2)/(21[6
0302
01
DDDD
DDA
+
++=
	
The	same	as	above	
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8.Shape	factors	
1201 /)( DDDF -= 	
2312 /)( DDDF -= 	
The	F2	shape	factor	
seemed	to	give	better	
correlations	with	
subgrade	moduli	while	
F1	gave	weak	
correlations	
9.	Slope	of	Deflection	 	 600/)(tan 6000
1 DDSD -= -
	
Weak	correlations	
observed	
 
4.1	Methods	for	Evaluating	the	Overall	Structure	of	the	Roads	
	
For	the	overall	structural	evaluation	of	the	road,	it	 is	usually	possible	to	respond	directly	to	
the	FWD	test	data.	This	project	mainly	studied	max	deflection,	curvature,	ratio	and	subgrade	
response.	
	
Max	deflection	
	
The	maximum	deflection	value	of	the	road	can	be	obtained	directly	through	measurement.	
Maximum	 deflection	 refers	 to	 the	 deflection	 value	 from	 the	 nearest	 position	 of	 the	 load	
center.	Horak	et	al	 (1989)	argues	that	the	maximum	deflection	value	reflects	about	70%	of	
the	strength	of	the	entire	structure	layer	of	the	road.	The	study	of	chai	also	shows	that	the	
maximum	 deflection	 value	 of	 FWD	 is	 subject	 to	 significant	 influence	 from	 the	 subgrade	
strength	(Chai	&	Kelly,2008).	In	this	report,	the	maximum	deflection	value	is	denoted	by 0D ,	
and	its	evaluation	criteria	are	shown	in	Table	2.	
	
Curvature	and	Ratio	
	
The	curvature	index	refers	to	the	change	degree	of	the	deflection	bowl	curve.	Also,	its	ratio	
class	 index	reflects	 the	variation	 law	of	 the	deflection	value	 in	the	case	of	equal	growth	of	
distance.	As	 the	 flood	changes	 the	material	properties	of	 the	road,	 the	support	 force	 from	
the	 subgrade	 becomes	 less.	 The	 result	 of	 such	 change	 can	 be	 obtained	 by	 comparing	 the	
ratio	and	 the	 curvature	 (BCC,	2011).	 Therefore,	whether	 the	 structural	 layer	of	 the	 road	 is	
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affected	 can	 be	 figured	 out	 through	 the	 change	 in	 ratio	 and	 curvature.	 According	 to	 BCC	
(2011),	the	change	in	ratio	and	curvature	indicates	that	the	performance	of	the	pavement	is	
completely	influenced	by	the	conditions	of	the	unbounded	layer.	In	this	report,	the	curvature	
and	the	ratio	are	adopted	to	introduce	the	conditions	of	the	unbound	layer.	For	the	unbound	
layer	 provides	 support	 to	 the	 bonding	 layer,	 the	 performance	 of	 the	 bond	 layer	 will	 be	
affected	 if	 the	 support	 from	 the	 unbounded	 layer	 reduces.	 Hence,	 the	 curvature	 and	 the	
ratio	 are	 classified	 in	 the	 overall	 strength	 of	 the	 road	 in	 this	 project.	 The	 values	 of	 the	
curvature	 and	 ratio	 need	 to	 be	 calculated	 simply.	 In	 this	 project,	 they	 are	 calculated	 as	
follows:	
	
Subgrade	Response	 	
	
The	subgrade	response	is	a	parameter	that	reflects	the	bearing	capacity	of	the	subgrade.	The	
subgrade	response	data	in	this	project	is	extracted	from	the	Brisbane	City	Council.	They	used	
the	in-house	method	to	calculate	the	roadbed	response	in	the	process	of	data	collection,	as	
shown	below:	
	
	
Brisbane	City	Council	 used	>26	 to	 represent	 the	 value	which	was	 greater	 than	26%	of	 the	
subgrade	response	in	the	2014	and	2016	data	report	.	In	other	report,	they	used	>	25.	
	
In	most	 experiments,	 it	 is	 common	 to	 use	 a	 California	 bearing	 ratio	 (CBR)	 to	 evaluate	 the	
mechanical	 strength	 of	 the	 ground.	 Its	 calculation	 principle	 is	 basically	 the	 same	 as	 that	
subgrade	 response	 which	 was	 provided	 by	 the	 Brisbane	 City	 Council.	 Therefore,	 the	 CBR	
evaluation	criteria	are	used	to	determine	the	data	of	the	roadbed	response	in	this	project.	C.	
Gallage’s	et	al	(2015)	conducted	the	related	experiment	and	they	concluded	that	the	CBR	of	
001.1
450 )40/6523.2
-´´= kNLoadkNDSR 
2000urvature DDC -=
0250 /atio DDR =
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the	normal	section	was	usually	slightly	higher	than	25%,	while	that	of	the	experimental	area	
was	between	17%	and	22%.	According	to	this	document	and	the	treatment	of	the	Brisbane	
City	Council,	the	project	uses	26	and	25	as	the	critical	value	of	the	subgrade	response.	
	
4.2	Methods	for	Evaluating	the	Structure	of	Different	Layer	on	Roads	
	
The	 structural	 condition	 of	 different	 layers	 on	 the	 road	 can	 be	 obtained	 through	 the	
back-calculation	of	the	parameters	of	the	deflection	bowl.	 In	this	report,	RoC,	BLI,	MLI	and	
LLI	 are	 calculated	 separately	 to	 evaluate	 different	 road	 structure	 layers.	 According	 to	 the	
working	principle	of	FWD,	it	can	be	known	that	the	sensors	at	different	positions	represent	
the	deflection	values	of	different	depths	 in	the	road.	By	calculating	the	difference	between	
the	deflection	 values	of	different	depths,	 the	 situation	data	of	 each	 structural	 layer	of	 the	
road	can	be	obtained.	And	the	specific	details	are	shown	in	Figure	7.	
	
	 Figure	7	The	relationship	between	bowl	parameters	and	pavement	structure	
(Emile.H&Stephen.E,2006)	
	
The	data	presented	in	this	project	correspond	to	their	corresponding	road	structure	layer	as	
shown	 in	 Figure	 8.	 The	 diagram	 is	 simplified	 from	 Figure	 7	 for	 easy	 identification	 and	
subsequent	studies.	
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Figure	8	Test	data	and	its	corresponding	road	structure	layer	
	
RoC	and	BLI	
	
BLI	value	response	is	the	condition	of	the	base	layer.	It	is	rarely	found	base	layer	is	seriously	
damaged,	but	this	damage	is	caused	by	the	decrease	of	the	support	force	in	the	lower	layer	
(Emile,H	&	Stephen,	E,	2006).	Therefore,	BLI	 value	also	has	a	good	guiding	 significance	 for	
other	structural	layer	damage.	
	
RoC	values	are	closer	to	the	surface	of	the	structural	layer	than	to	BLI.	Like	BLI,	it	shows	that	
road	mostly	has	good	performance,	but	it	shows	that	the	damaged	part	corresponds	to	other	
structural	layers	(Emile,	H	&	Stephen,	E,	2006).	
	
MLI	
	
Emile,	 H	 &	 Stephen,	 E	 (2006)	 believe	 that	 MLI	 is	 the	 expression	 of	 the	 structure	 in	 the	
subbase	layer.	This	conclusion	is	used	in	this	report.	
	
LLI	
	
LLI	 value	 reflects	 the	 structural	 condition	 of	 the	 subgrade.	 Emile,H	 &	 Stephen,	 E	 (2006)	
pointed	 out	 LLI	 showed	 that	 the	 location	 of	 the	 subgrade	 weakness	 was	 found	 surface	
deformation	by	the	visual	investigation.	However,	surface	deformation	is	the	characteristic	of	
subgrade	failure.	
	
Base	layer	
Subbase	layer	
Subgrade	
Surface	
	 RoC	&	BLI	
MLI	
LLI	
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The	 formulas	 for	 these	 test	 data	 are	 summarized	 in	 Table	 1.	 Their	 decision	 thresholds	 are	
listed	in	Table	2.	
	
Table	2	Condition	Rating	Criteria	for	Deflection	Bowl	Parameters	(Emile.	H	&	Stephen.	E,	2006).	
	 0D 	 (mm)	 Roc	(m)	 BLI	(mm)	 MLI	(mm)	 LLI	(mm)	
Sound	 <0.4	 >120	 <0.15	 <0.1	 <0.06	
Warning	 0.4-0.75	 40-120	 0.15-0.5	 0.1-0.2	 0.06-0.1	
Severe	 >0.75	 <40	 >0.5	 >0.2	 >0.1	
	
	
4.3	Methods	for	evaluating	moisture	content	of	the	road	 	
	
After	the	flood	soak,	the	moisture	content	of	the	road	has	been	changed.	Such	change	in	the	
moisture	content	 is	one	of	 the	main	causes	 for	 the	changes	of	 the	road	strength.	Thereby,	
this	 report	 studies	 the	 variations	 in	 the	moisture	 content	 as	well	 as	 its	 relationship	 to	 the	
road	strength	through	analysis	of	the	FWD	data.	
	
In	 the	 previous	 studies,	 scholars	 have	 found	 that	 there	 exists	 some	 mathematical	
relationship	between	the	FWD	deflection	bowl	and	the	moisture	content	of	road.	Chai	and	
Kelly	 (2008)	 found	 that	 the	 data	 of	 FWD	 deflection	 can	 be	 established	 as	 a	mathematical	
model	with	the	usage	of	an	exponential	curve.	The	FWD	data	in	their	paper	were	collected	
from	 the	 Southeast	 Queensland's	 long-term	 pavement	 performance	 (SEQ-LTPP)	 sites	 and	
they	found	that	the	characteristics	of	this	exponential	curve	can	match	the	FWD	deflection	
bowl	curve.	Also,	the	simplified	deflection	model	and	its	parameters	are	explained	as	below:	
In	this	formula,	Y	stands	for	FWD	deflection	value	and	metering	in	micron 1K is	equal	to	the	
deflection	value	at	the	maximum	deflection	which	at	the	center	of	FWD,	 2K is	the	structural	
parameter	at	the	sensor	position	corresponding	to	the	diameter;	X	refers	to	radial	distance	
021 )/(exp YKXKY +-=
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from	the	load	plate	in	millimeters;	 0Y is	a	constant.	
	
Through	this	mathematical	model,	some	new	discoveries	for	the	FWD	data	research	can	be	
made.	 According	 to	 Chai	 and	 Kelly	 (2008),	 the	 structural	 parameters 1K and 2K are	 derived	
from	 the	 simplified	 deflection	 model	 which	 has	 a	 good	 reflection	 for	 the	 structural	
performance	of	the	road	and	can	be	utilized	for	forecasting	and	evaluation.	
	
Chai	 made	 a	 further	 study	 on	 the	 basis	 of	 the	 previous,	 founding	 that	 the	 structural	
parameters	 called	 k2,900	 in	 the	model	 were	 related	 to	 the	moisture	 content	 of	 the	 road	
(Chai	et	al,	2016).	k2,900	refers	to	the	structural	parameter	k	for	the	FWD	deflection	located	
at	the	sensor 900D .The	formula	is	as	below:	
900Y 	 in	the	formula	is	the	FWD	deflection	at	sensor	position 900D .	The	reason	to	choose	the	
900D deflection	 is	 that	QDMR	 (1990)	 has	 found	 that	 it	 reflects	 a	 subgrade	 response	which	
remains	essentially	unaffected	by	the	structure	of	the	overlying	pavement.	
	
Chai	et	al	(2016)	pointed	out	in	the	study	that	assessing	the	moisture	content	on	the	road	is	
one	 of	 the	 applications	 of	 simplified	 deflection	 model.	 In	 addition,	 he	 plotted	 the	
relationship	lines	between	the	moisture	content	and	the	k2,900	according	to	SDM,	as	shown	
in	Figure	9.	The	figure	clearly	shows	that	the	higher	the	value	of	k2,900	means	that	the	lower	
the	moisture	content	at	the	position.	
)900,2/900(
1900
kekY -=
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Figure	9	The	relationship	between	the	moisture	content	in	the	subgrade	and	the	parameter	k2,900	
(Chai	et	al,	2016)	
	
This	 report	examines	the	changes	 in	 the	moisture	content	of	 the	roads	on	the	basis	of	 the	
above	 theory.	 By	 calculating	 the	 k2,900	 from	 the	 model,	 the	 moisture	 content	 of	 the	
detected	road	can	be	evaluated.	
	
5.	Data	Background	
	
This	project	 analyzes	 the	basic	data	of	 FWD	 in	 four	different	periods.	 To	be	more	 specific,	
these	data	belong	 to	Aldersgate	Street-Oxley,	Brisbane	City	and	were	detected	on	13	April	
2011,	 1	April	 2013,	 8	December	 2014	 and	22	March	2016,	 respectively.	Among	 them,	 the	
data	after	2011	were	 collected	 immediately	 after	 the	 flood.	And	 the	Brisbane	City	Council	
repaired	the	road	between	the	tests	in	2013	and	2014.	
	
The	situation	of	the	detected	road	before	and	after	the	flood	are	shown	in	the	Figure	10	and	
11.	It	is	clear	in	these	pictures	that	part	of	the	road	is	immersed	after	the	flood,	whereas	the	
other	part	 is	not.	As	these	two	parts	belong	to	the	same	section	of	 the	road	and	have	the	
same	material,	structure,	and	environment,	they	form	a	very	effective	control	group	for	the	
data	comparison	before	and	after	the	flood.	
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Figure	10	Before	the	flood	(BCC,2011)	
	
Figure	11	After	the	flood	(BCC,2011)	
	
While	utilizing	 FWD	 to	 test	 the	 road,	 it	 is	 usually	 repeated	on	different	paths	of	 the	 same	
section.	The	aim	is	to	obtain	more	accurate	and	comprehensive	data	for	the	overall	road.	In	
these	FWD	detecting,	the	device	measurement	path	is	presented	in	Figure	12.	
	
 
Figure	12	FWD	Detection	Path	(BCC,	2011)	
	
As	 mentioned	 before,	 the	 road	 can	 be	 divided	 into	 two	 parts	 according	 to	 whether	 it	 is	
affected	by	the	flood.	Thereby,	it	becomes	possible	to	compare	the	effects	of	floods	on	roads	
Faculty	of	Engineering,	Architecture	and	Information	Technology	 20	
more	clearly	as	 the	variables	between	 the	experimental	and	control	groups	are	 fewer.	The	
chainage	refers	to	a	distance	mark	in	the	measurement	for	convenience	recording.	According	
to	 site	 immersion	 situation,	marked	 by	 chainage,	 the	 road	 can	 be	 divided	 flood	 area	 and	
non-flood	area.	The	specific	boundary	is	shown	as	below:	
	
Section	1:	 	 	 	 	 Non-Flooded	 	 	 	 	 	 	 	 	 	 	 (Chainage	0	-	Chainage	105)	
Section	2:	 	 	 	 	 Flooded	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 (Chainage	105	-	Chainage	380)	
	
For	the	analysis	of	moisture	content,	the	Brisbane	City	Council	conducted	a	sampling	analysis	
on	the	same	road	in	July	2015.	The	relevant	moisture	content	data	for	the	road	samples	are	
shown	 in	 the	California	Bearing	Ratio	Test	Report	provided	by	BCC.	The	report	analyzes	six	
road	 samples	 and	 all	 of	 them	 are	 at	 the	 same	 depth.	 These	 samples	 are	 located	 in	 six	
different	locations	on	the	detected	road.	Three	samples	of	them	are	located	in	the	non-flood	
areas	while	the	rest	are	in	the	flood	area.	
	
6. Data	Analysis	
6.1	Evaluation	of	the	Overall	Structure	of	the	Road	
	
Horizontal	comparison	of	Max	deflection,	curvature	and	Ratio	
	
The	average	values	are	sorted	and	calculated	according	to	the	above	method,	and	results	are	
shown	in	Appendix	A-D.	
	
By	 comparing	 these	 data	 from	 Appendix	 A-D	 horizontally,	 it	 can	 clearly	 see	 the	 max	
deflection	 and	 curvature	of	 the	 section	 affected	by	 the	 flood	 significantly	 increased,	while	
the	ratio	reduced.	Such	results	show	that	the	flood	really	has	a	great	impact	on	the	overall	
strength	of	the	road.	According	to	the	evaluation	criteria	in	Table	2,	the	max	deflection	value	
of	 the	non-flooded	 section	 is	 slightly	 higher	 than	 that	 under	 the	 sound	 condition,	 but	 the	
value	of	 the	 flooded	 section	has	been	already	at	 the	 level	of	warning.	 The	 increase	 in	 the	
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curvature	value	represents	that	the	degree	of	bending	of	the	deflection	bowl	curve	increases;	
in	other	words,	the	difference	in	the	intensity	of	the	road	becomes	apparent.	In	addition,	the	
reduction	in	the	ratio	shows	that	the	support	force	from	the	subgrade	is	reduced.	Since	the	
curvature	and	the	ratio	 reflect	 the	strength	of	 the	unbound	 layer	of	 the	road,	 the	changes	
show	that	the	strength	of	the	unbound	layer	of	the	road	is	greatly	reduced	by	flooding.	
	
Vertical	comparison	of	Max	deflection,	curvature	and	Ratio	
	
However,	these	values	seem	to	have	no	significant	improvement	after	the	repair	of	the	road.	
In	 order	 to	 compare	 the	 data	 before	 and	 after	 the	maintenance	more	 clearly,	 figures	 are	
produced	and	 shown	 in	Appendix	 E-G.	 These	 figures	 in	 the	Appendix	 E-G	 show	 the	mean,	
maximum	and	minimum	values	of	the	data	according	to	the	flooded	section	and	non-flooded	
section	in	different	years	respectively.	
	
Appendix	E	clearly	shows	that	the	max	deflection	value	of	the	flooded	section	is	significantly	
higher	 than	 that	 of	 the	 non-flooded	 section	 in	 the	 same	 period.	 Although	 the	 road	 was	
repaired	after	2013,	the	value	of	the	max	deflection	in	the	flooded	section	did	not	decrease,	
and	it	even	slightly	increased	compared	to	that	of	the	previous	year.	
	
In	 terms	 of	 curvature,	 the	 data	 in	 Appendix	 F	 show	 that	 the	 first	 test	 value	 detected	
immediately	 after	 the	 flood	has	been	 the	highest.	 The	 value	decreased	 significantly	 in	 the	
second	 test	 two	 years	 later,	 and	 they	 were	 flat	 in	 the	 subsequent	 two	 tests.	 However,	
compared	to	the	non-flooded	section,	the	curvature	of	the	flooded	section	was	still	higher.	
	
The	ratio	of	the	data	in	Appendix	G	has	surprising	findings.	There	is	a	significant	decrease	in	
the	first	test	in	the	flooded	section	relatively	to	that	of	the	non-flooded	section	in	the	same	
period.	However,	the	value	was	gradually	restored	in	the	several	subsequent	tests.	Especially	
after	 the	 road	maintenance	 in	2013,	 the	value	 restored	 to	be	close	 to	 that	of	non-flooded	
section	at	the	same	period.	
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To	obtain	a	clearer	view	of	the	impact	of	maintenance	on	the	overall	strength	of	the	flood,	
this	report	presents	the	average	of	the	four	test	results	as	indicated	in	Appendix	H.	
	
It	can	be	seen	that	the	maximum	deflection	value	of	the	flood	area	is	much	higher	than	that	
of	 the	 non-flood	 zone,	meaning	 that	 the	 overall	 strength	 of	 the	 road	 decreases	 after	 the	
flood.	 In	 addition,	 the	 comparison	 between	 the	 data	 before	 and	 after	 the	 maintenance	
shows	 that	 this	 downward	 trend	 has	 not	 been	 slowed	 down	 or	 eased.	 In	 other	 words,	
maintenance	has	no	significant	effect	on	the	recovery	of	the	overall	strength	of	the	road.	
	
For	the	curvature,	it	can	be	clearly	seen	that	the	numerical	difference	between	the	numerical	
values	 of	 the	 flood	 zone	 and	 the	 non-flood	 zone	 is	 greater	 in	 the	 first	 test	 after	 the	
occurrence	of	the	flood.	After	the	subsequent	tests,	especially	after	the	maintenance	of	the	
test,	 the	 gap	 between	 the	 two	 zones	 is	 significantly	 reduced.	 The	 results	 of	 the	 last	 test	
indicate	 that	 the	 data	 in	 the	 flood	 area	 are	 quite	 close	 to	 the	 non-flood	 zone	 data.	 The	
proportion	of	the	value	has	a	significant	rebound	in	the	trend.	After	the	flood,	the	proportion	
of	the	flood	area	is	significantly	 lower	than	that	of	the	non-flood	area.	 In	the	test	after	the	
repair,	the	flood	zone	values	gradually	increase	and	then	return	to	the	level	before	the	flood.	
Such	change	means	that	maintenance	 is	meaningful	 for	 the	unbound	 layers.	That	 is	 to	say,	
after	the	repair,	the	strength	of	the	unbound	layer	is	restored	to	a	certain	extent.	
	
These	 results	 show	 that	maintenance	 can	 help	 restore	 the	 overall	 strength	 of	 the	 road	 to	
some	degree;	however,	the	effect	is	not	obvious.	In	addition,	maintenance	for	the	unbound	
layer	strength	recovery	is	helpful	to	some	extent.	 	
	
Subgrade	responses	
	
Appendix	I	shows	the	average	of	the	subgrade	responses	obtained	by	the	four	FWD	tests.	It	is	
clear	that	the	subgrade	response	value	of	the	flooded	section	is	significantly	lower	than	that	
of	 the	non-flooded	section	except	 in	2013	when	the	two	data	are	equal.	To	determine	the	
subgrade	response	value	of	the	flooded	section	according	to	the	critical	value,	only	the	data	
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in	2013	meet	the	standard.	It	is	unexpected	that	the	data	of	the	non-flooded	section	are	also	
less	than	the	critical	value	in	2014.	It	can	be	explained	that	the	flood	had	a	greater	impact	on	
the	subgrade	response.	
	
6.2	Evaluation	of	the	Structure	of	Different	Layer	on	Road	
	
For	the	analysis	of	the	pavement	structure	of	Aldersgate	street,	the	project	chooses	2L	path	
data	because	Figure7	shows	that	the	data	of	the	2L	path	are	closer	to	the	center	of	the	street,	
meaning	that	it	is	subjected	to	more	frequent	and	concentrated	traffic	loads.	
	
Base	layer	and	surfacing	 	
	
RoC	values	are	shown	in	Appendix	J.	Since	the	RoC	value	at	Chainage	346	was	abnormal	 in	
2016	during	 the	 calculation,	 it	was	not	 considered	 in	 this	 chart.	 The	project	 compares	 the	
RoC	values	at	Ch.0-Ch.322.	According	 to	 the	 critical	 value	of	 Table	2,	 the	RoC	value	of	 the	
flooded	 section	 is	 under	 the	warning	 condition	 in	 the	 four	 tests.	 In	 the	 general	 trend,	 the	
value	after	maintenance	is	slightly	better,	but	they	still	belong	to	the	standard	of	warning.	In	
the	 non-flooded	 section,	 some	of	 RoC	 values	were	 still	 under	 the	warning	 conditions,	 but	
most	 of	 them	 is	 in	 the	 sound	 area.	 Moreover,	 the	 four	 test	 results	 show	 there	 are	 not	
obvious	difference	in	the	non-flooded	section.	
	
The	value	of	BLI	also	reflects	the	strength	of	the	surface	of	the	road	(Figure	in	Appendix	K).	
This	part	of	the	data	is	also	determined	based	on	the	critical	value	in	Table	2.	Although	most	
of	the	data	from	the	flooded	section	and	non-flooded	section	are	in	the	warning	state,	it	 is	
still	 found	that	 the	data	of	 the	non-flooded	section	are	significantly	 lower	 than	that	of	 the	
flooded	section	in	the	same	period.	Besides,	part	of	data	in	the	non-flooded	section	is	under	
the	sound	condition.	In	addition,	maintenance	seems	to	be	beneficial	for	reducing	the	value	
of	BLI,	since	it	can	be	found	that	the	BLI	values	at	the	same	location	are	reduced	year	by	year.	
	
This	part	of	the	analysis	result	shows	that	the	flood	has	damage	to	the	strength	of	the	road	
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surface	and	that	maintenance	has	a	certain	effect	on	restoring	the	strength	of	base	layer.	
	
Subbase	layer	
	
The	data	 for	 the	MLI	 are	 shown	 in	Appendix	 L.	 As	 seen	 from	 these	data,	 the	non-flooded	
section	 is	 slightly	better	 than	 the	 flooded	 section	 in	 the	whole.	 Some	of	 the	 values	 in	 the	
flooded	section	have	been	as	high	as	severe	fettle,	but	this	has	not	occurred	in	non-flooded	
section.	By	comparing	the	data	in	the	flooded	section	vertically,	the	data	after	the	repair	are	
not	better	than	the	previous	data,	whereas	value	becomes	slightly	higher	year	by	year.	It	can	
be	seen	that	the	floods	damage	the	strength	of	subbase	layer,	and	that	the	consequences	of	
such	damage	will	continue	to	deepen	over	time.	
	
Subgrade	
	
The	 calculation	 result	 of	 LLI	 is	 shown	 in	 Appendix	M.	Most	 of	 the	 data	 are	 in	 the	 sound	
condition.	A	small	portion	of	the	data	in	the	flooded	section	exceed	the	critical	value	of	the	
warning.	 This	 part	 of	 the	 data	 show	 that	 there	 are	 no	 obvious	 differences	 between	 the	
flooded	section	and	non-flooded	section	in	terms	of	the	LLI	value	in.	Moreover,	the	results	of	
the	four	tests	are	basically	the	same,	and	it	is	found	that	there	is	no	significant	divergence	in	
their	trends.	
	
Looking	 back	 at	 Appendix	 K-M,	 it	 can	 be	 seen	 that	 the	 difference	 between	 the	 flooded	
section	and	non-flooded	section	in	terms	of	BLI,	MLI,	and	LLI	is	getting	smaller.	It	can	clearly	
suggest	 that	 the	 impact	 of	 the	 floods	 on	 road	 strength	 is	 reduced	 layer.	 Specifically,	 the	
floods	have	more	impact	on	strength	of	the	surface	and	base	layer	than	on	the	subbase	layer	
and	subgrade.	
	
6.3	Analysis	of	road	moisture	content	
	 	 	 	
Based	on	the	results	of	the	moisture	content	testing	and	the	FWD	test,	this	project	explores	
the	 changes	 of	 road	 moisture	 content	 before	 and	 after	 the	 maintenance	 as	 well	 as	 the	
impacts	 on	 the	 road	 performance.	 The	 specific	 analysis	 results	 are	 provided	 in	 the	 next	
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section.	
	
Numerical	analysis	of	road	k2,900	
	
According	to	the	method	mentioned	in	the	analysis,	the	method	is	adapted	to	calculate	the	
four	 test	 k2,900	 value	 on	 the	 basis	 of	 the	 FWD	deflection	 value.	 The	 results	 obtained	 are	
shown	in	Appendix	N.	
	
This	chart	shows	that	the	value	of	the	four	tests	k2,900	are	basically	maintained	in	the	range	
of	350-600,	except	the	Chg.58	points.	The	value	of	this	point	in	the	four	tests	are	all	strange.	
Thus,	they	not	be	considered	temporarily.	The	data	for	the	two	tests	before	maintenance	are	
basically	the	same,	and	the	values	are	around	400.	The	value	of	the	non-flood	zone	is	slightly	
higher	 than	 that	 of	 the	 flood	 zone,	 corresponding	 to	 the	 low	 moisture	 content	 of	 the	
non-flood	 zone.	 Besides,	 the	 value	 of	 the	 two	 tests	 after	maintenance	 is	 higher	 than	 the	
value	 before	 the	 repair.	 According	 to	 the	 above-mentioned	 analytical	 method,	 it	 can	 be	
known	that	the	moisture	content	of	the	road	can	be	reduced	by	maintenance.	
	
Analysis	of	k2,900	and	road	moisture	content	
	
To	further	demonstrate	the	relationship	between	the	moisture	content	and	the	k2,900	and	a	
chart	based	on	the	moisture	content	report	of	the	section	is	shown	in	Appendix	O.	
	
The	moisture	content	of	the	section	was	tested	for	2015.	Nonetheless,	the	FWD	tests	were	
not	conducted	on	this	section	during	the	year.	Thus,	the	values	of	k2,900	in	Appendix	O	were	
collected	from	2014	and	2016	(the	time	between	the	two	tests	and	the	time	of	the	moisture	
test	are	very	close).	In	this	chart,	the	solid	sign	represents	the	data	of	the	flood	zone,	and	the	
hollow	sign	stands	for	the	data	of	the	non-flood	zone.	Obviously,	the	data	of	the	flood	area	
mainly	concentrate	in	the	upper	left	of	the	chart,	while	the	flood	area	data	are	mainly	in	the	
bottom	 right	 of	 the	 chart.	 The	 data	 concentrating	 at	 the	 top	 left	means	 that	 these	 points	
have	 a	 high	 moisture	 content	 and	 a	 low	 value	 of	 k2,900.	 Correspondingly,	 the	 data	
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concentrated	on	the	lower	right	show	that	these	points	have	both	low	moisture	content	and	
high	value	k2,900	characteristics.	
	
The	 distribution	 of	 these	 data	 is	 very	 clear	 to	 confirm	 the	 relationship	 between	moisture	
content	and	k2,900.	That	is	the	higher	the	value	of	k2,900,	the	lower	the	moisture	content	of	
the	corresponding	point.	
	
Through	 this	 part	 of	 the	 analysis,	 further	 proof	 of	 the	 the	 relationship	 between	moisture	
content	and	k2,900can	be	obtained.	Thus,	 in	the	next	analysis,	 this	conclusion	 is	utilized	 in	
this	project.	 In	other	words,	 for	those	years	where	the	moisture	content	test	 is	not	carried	
out,	the	the	moisture	content	of	the	pavement	at	that	time	is	judged	through	the	analysis	of	
the	k2,900	value	of	the	part.	
	
Analyze	the	k2,900	and	the	structural	strength	of	different	layer	on	road	
	
To	better	understand	the	link	between	the	k2,900	and	the	structural	strength	of	the	road,	the	
k2,900	values	of	 the	 four	 tests	are	compared	with	 the	corresponding	BLI,	LLI	and	MLI.	The	
results	are	presented	in	Appendix	P-R,	respectively.	
	
In	 these	 graphs,	 the	 blue	 mark	 represents	 the	 data	 before	 repair,	 and	 the	 yellow	 mark	
represents	the	data	after	maintenance.	It	is	clear	that	the	yellow	marks	in	the	three	graphs	
are	all	on	the	right	side	of	the	blue	mark.	It	means	that	after	maintenance,	the	road	k2,900	
values	 have	 been	 increased.	 That	 is,	 the	 moisture	 content	 of	 the	 section	 of	 the	 road	 is	
reduced	after	the	repair.	
	
The	relationship	between	BLI	and	k2,900	 is	presented	 in	Appendix	P.	This	chart	shows	that	
before	maintenance,	the	data	are	mainly	in	the	range	of	0.25-0.4.	By	contrast,	the	position	of	
the	 post-maintenance	 data	 moves	 to	 the	 lower	 right.	 Such	 change	 means	 that	 through	
maintaining,	the	value	of	the	BLI	 is	reduced	(representing	a	better	road	performance).	And	
these	 lower	 BLI	 values	 correspond	 to	 the	 higher	 k2,900	 values	 (indicating	 lower	moisture	
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content).	Therefore,	a	relationship	can	be	found:	the	point	with	a	low	moisture	content	have	
better	road	performance.	
	
In	Appendix	Q,	MLI	also	shows	this	trend.	However,	it	is	not	obvious	while	compared	to	BLI.	
In	this	chart,	the	data	after	maintenance	is	slightly	better	than	that	of	before	maintenance.	
Nevertheless,	 the	 value	 of	 LLI	 in	 Appendix	 R	 shows	 little	 change	 before	 and	 after	
maintenance.	 	
	
A	relationship	can	be	obtained	from	these	three	graphs:	the	change	in	moisture	content	has	
a	certain	effect	on	the	strength	of	subbase	layer	and	the	base	layer	on	the	road,	which	shows	
little	effect	on	the	strength	of	the	subgrade.	At	the	same	time,	one	of	the	conclusions	can	be	
drawn	 is	 that	maintenance	 can	 help	 restore	 the	 strength	 of	 the	 road,	which	 is	 one	of	 the	
reasons	for	the	decline	in	moisture	content.	
	
7.	The	Conclusion	 	
	
After	a	flood,	the	Brisbane	City	Council	conducted	four	FWD	tests	on	the	same	section	of	the	
road.	 This	 project	 deals	 with	 these	 data	 through	 back-calculations	 in	 order	 to	 obtain	 the	
condition	 of	 the	 road	 performance.	 Furthermore,	 the	 project	 analyzes	 and	 compares	 the	
road	 performance	 according	 to	 whether	 they	 are	 flooded	 and	 repaired.	 After	 a	 series	 of	
studies,	the	following	conclusions	can	be	made:	
	
	 The	 parameters	 BLI,	MLI,	 and	 LLI	 indicate	 the	 structural	 strength	 of	 base	 layer,	 subbase	
layer,	 and	 subgrade	on	 the	 road,	 respectively.	 By	 comparing	 these	 parameters	 at	 different	
locations,	it	can	be	found	that	the	reduction	of	strength	of	surface	and	base	layer	of	the	road	
is	 more	 serious	 after	 the	 flood.	 The	 impacts	 of	 floods	 on	 the	 road	 strength	 is	 getting	
increasingly	smaller	with	the	deepening	of	the	structural	layer.	In	particular,	the	floods	have	
little	effect	on	the	structural	strength	of	the	subgrade.	
	
The	relationship	between	the	parameters	k2,900	and	the	road	moisture	content	is	further	
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confirmed.	The	change	 in	 the	parameter	 indicates	 that	 the	moisture	content	 in	 the	road	 is	
reduced	after	maintenance.	In	addition,	the	reduction	of	moisture	content	in	the	road	may	
be	one	of	the	reasons	for	the	restoration	of	road	strength.	
	
The	maximum	deflection	value,	curvature,	and	ratio	provided	by	the	FWD	test	indicate	the	
overall	 structural	 strength	 of	 the	 road.	 The	 changes	 in	 these	 parameters	 after	 floods	 and	
maintenance	 indicate	 that	 the	 floods	 cause	 serious	 damage	 to	 the	 overall	 strength	 of	 the	
road	and	that	the	floods	have	the	serious	reduction	in	the	overall	strength	of	the	road,	and	
the	damaged	road	cannot	be	restored	to	its	original	level	through	road	maintenance.	
	
Maintenance	 can	 create	 restore	 the	 overall	 strength	 of	 the	 road	 to	 a	 certain	 extent.	 The	
positive	effect	of	this	recovery	is	particularly	evident	on	the	surface	and	the	base	layer	of	the	
road.	
	
8.Suggestions	for	future	research	
	
The	 conclusions	 obtained	 in	 this	 project	 are	 conducive	 to	 the	 future	 maintenance	 of	
submerged	 roads.	 The	 optimization	 and	 improvement	 of	 the	maintenance	method	 can	 be	
carried	out	on	the	basis	of	the	conclusions	of	this	project.	Optimized	maintenance	methods	
may	perhaps	 achieve	 a	more	 targeted	purpose.	 For	 instance,	 the	 current	maintenance	 for	
the	 road	 subbase	 layer	 strength	 recovery	 effect	 is	 not	 good	 enough.	 Hence,	 future	
maintenance	work	can	pay	more	attention	to	the	structural	restoration	of	the	road	level.	The	
efficiency	 of	maintenance	 thus	 can	 be	 improved	 due	 to	 the	 change	 of	method,	 and	 road	
resources	can	be	more	fully	utilized.	
	
In	addition,	FWD	can	be	used	to	test	and	collect	road	moisture	content	for	future	research	
and	 testing.	 Compared	with	 the	 traditional	 sampling	 detection	method,	 FWD	 test	 is	more	
efficient	and	simpler.	More	importantly,	it	does	not	cause	damage	to	the	road.	
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Appendix	A	-The	average	Max.Deflection,	curvature	and	ratio	on	13	April,	2011.	
	
Average values 
Non-Flooded  
Ch.0-Cn.105 
Flooded  
Ch.105- Ch.381 
Max.Deflection 0.445 0.547 
Curvation 0.142 0.269 
Ratio 0.582 0.431 
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Appendix	B	-The	average	Max.Deflection,	curvature	and	ratio	on	1	January,	2013.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Average values 
Non-Flooded  
Ch.0-Cn.105 
Flooded  
Ch.105- Ch.381 
Mac.Deflection 0.464  0.598  
Curvation 0.133  0.202  
Ratio 0.606  0.552  
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Appendix	C-The	average	Max.Deflection,	curvature	and	ratio	on	8	December,	2014.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Average values 
Non-Flooded  
Ch.0-Cn.105 
Flooded 
 Ch.105- Ch.381 
Max.Deflection 0.471  0.627  
Curvation 0.159  0.202  
Ratio 0.586  0.579  
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Appendix	D	-	The	average	Max.Deflection,	curvature	and	ratio	on	22	March,	2016.	
	
Average values 
Non-Flooded  
Ch.0-Cn.105 
Flooded  
Ch.105- Ch.381 
Max.Deflection 0.436  0.617  
Curvation 0.128  0.194  
Ratio 0.608  0.588  
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Appendix	E	-	The	max,	min,	and	mean	of	Max.Deflection	
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Appendix	F	-	The	max,	min,	and	mean	of	Curvation	
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Appendix	G	-	The	max,	min,	and	mean	of	Ratio	
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Appendix	H	-	The	mean	of	Max.Deflection,	Curvation	and	Ratio	for	four	tests	
	
	
Faculty	of	Engineering,	Architecture	and	Information	Technology	 39	
Appendix	I	-	The	mean	of	Subgrade	Response	for	four	tests	
	
	
The	values	in	the	base	data	which	are	greater	than	26	and	25	are	not	given	specifically,	and	thus	this	part	of	the	data	is	shown	as	25	and	26	in	
this	chart.	
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Appendix	J	-	The	result	of	RoC	for	four	tests	
	
	
Since	the	RoC	value	at	Chg.	346	has	the	huge	difference	with	other	numerical	in	2016,	and	it	does	not	have	reference	value	and	be	deleted.	
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Appendix	K	-	The	result	of	BLI	for	four	tests	
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Appendix	L	-	The	result	of	MLI	for	four	tests	
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Appendix	M	-	The	result	of	LLI	for	four	tests	
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Appendix	N	-	The	result	of	k2,900	for	four	tests	
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Appendix	O	-	The	relationship	between	moisture	content	and	k2,900	
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Appendix	P	-	The	relationship	between	BLI	and	k2,900	
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Appendix	Q	-	The	relationship	between	MLI	and	k2,900	
	
	
	
Faculty	of	Engineering,	Architecture	and	Information	Technology	 48	
Appendix	R	-	The	relationship	between	LLI	and	k2,900	
	
